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Abstract
,QWKLVDUWLFOHWKHSURMHFWRIPXOWLFRPIRUWVFKRROLVSUHVHQWHG7KHGHPDQGVIRUDVFKRROWREHPXOWLFRPIRUWDUHDQDO\]HGKHUH
6LPSOHEXWHQHUJ\HIIHFWLYHEXLOGLQJ¶VIRUPZDVFKRVHQ7KHUPRWHFKQLFDOFDOFXODWLRQVZHUHPDGH&ODVVRIHQHUJ\HIILFLHQF\LV
$
,WLVHVVHQWLDOIRUDPXOWLFRPIRUWEXLOGLQJWRKDYHDOWHUQDWLYHVRXUFHVRIHQHUJ\ZKDWLQFUHDVHVEXLOGLQJ¶VHQHUJ\HIILFLHQF\,Q
WKLV DUWLFOH HFRQRPLFDO DQG WHFKQLFDO FKDUDFWHULVWLFV RI VRODU FROOHFWRUV WKDW DUH IRU ZDWHU KHDWLQJ ZHUH LQVSHFWHG 0DGH
FDOFXODWLRQVVKRZWKDWXVHRIFROOHFWRUVSURGXFHVJUHDWDGYDQWDJHV&ROOHFWRUV¶VFKHGXOHGSHULRGRISD\EDFNSHULRGLV\HDUV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI63E8&(0)
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1. Introduction
7RGHYHORSHYHU\SXSLO¶VSRWHQWLDOVWFHQWXU\VFKRROPXVWEHXQLTXHZLWKLWVRZQVSHFLILFQDWXUH7RSURYLGH
WKHGHVLUHGTXDOLW\RIHGXFDWLRQVFKRROVKDYHWREHSOHDVDQWIRUFKLOGUHQDQGWREHDEOHWRWUDQVIRUPGHSHQGLQJRQ
VFKRROLQJGHPDQGV%XWWKHUHLVRQHPRUHLPSRUWDQWWKLQJHFRORJ\DQGHQHUJ\HIILFLHQF\>±@,WLVHVVHQWLDOQRW
RQO\ WRXVHUHQHZDEOH VRXUFHVRIHQHUJ\DQG WRUHXVHPDWHULDOVEXWDOVR WRVDYHHQHUJ\7KHUHDUHPDQ\ LVRODWLRQ
PDWHULDOV QRZDGD\V DQG +HUH LV D SURMHFW RI PXOWLFRPIRUW VFKRRO ZKRVH LQIOXHQFH RQ QDWXUH LV PLQLPDO IRU
FDOFXODWLRQV ZH FKRVH $UPHQLDQ WRZQ (UHYDQ LQ WKLV DUWLFOH ZH GHVFULEHG LWV¶ FRQVWUXFWLRQDO IHDWXUHV DQG LWV¶
VXSHULRULW\RIRWKHUVFKRROV
'RPHVWLF DQG IRUHLJQ DXWKRUV UHVHDUFKHG WKH SUREOHP RI HQHUJ\ HIILFLHQF\ RI EXLOGLQJV DQG FRQVWUXFWLRQV ,Q
&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:DQ\DQHIHGRYD#PDLOUX

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SDUWLFXODU WKHUHDUHREVHUYDWLRQVRIHQHUJ\HIILFLHQF\RIEXGJHWEXLOGLQJV >@&RQWULEXWRUV >@ IRXQG WKHHQHUJ\
ORVVHVRIDEXLOGLQJWREHDIXQFWLRQRILWVIRUPWKH\LQWURGXFHGDFRQFHSWRIYROXPHWRVL]HUDWLR,QDUWLFOHV>±
@DXWKRUVDQDO\]HGWKHUROHRIHQFORVLQJHQYHORSHVLQHFRQRP\RIKHDWHQHUJ\7KHLQIRUPDWLRQRIVRODUSDQHOVDQG
FROOHFWRUVZDVWDNHQIURPDUWLFOHV>±@
,QWXUQ$6*RUVKNRY'91HPRYDDQG1,9DWLQLQWKHLUDUWLFOHFRQILUPWKDWWKHEHVWZD\WRUHGXFHHQHUJ\
ORVVHVRIDEXLOGLQJ²LVWRUHGXFHLWVOREHV%D\ZLQGRZVQLFKHVULVDOLWVUHVSRQGHUVDSVHVDQGHWFLQFUHDVHUDWLR
RIWKHDUHDRIHQFORVLQJHQYHORSHVWRWKHEXLOGLQJYROXPHDQGKHQFHFRQVXPSWLRQRIHQHUJ\GXULQJKHDWLQJVHDVRQ
JURZV>@
69.RUQLHQNRLQKLVDUWLFOHVD\VWKDWWKHUHDUHDGGLWLRQDOHQHUJ\ORVVHVEHFDXVHRIORZYROXYHWRVL]HUDWLRRU
FRPSOH[VXUIDFHRIWKHEXLOGLQJZKLFKZHKDYHWRFRPSHQVDWHFKRRVLQJHQFORVLQJHQYHORSPHQWZLWKDKLJKHUOHYHO
RIWKHUPDOLVRODWLRQ>@
7KHSXUSRVHRIZRUNLVWKHGHVLJQRIVWFHQWXU\VFKRRO7KHVFKRROPXVWEHPRGHUQWRWHDFKFKLOGUHQZKDWWKH
VW\OHLVLWPXVWEHDUFUHDWLYLW\DQGVXVWDLQDELOLW\DQGVLPXOWDQHRXVO\LWPXVWFUHDWHXQLTXHPLFURFOLPDWH>±@DQG
XVHHQHUJ\HIILFLHQWUHVRXUFHVDQGRSWLPL]HHQHUJ\ORVVHV>±@
2. Research description
:HKDYHDQDO\]HGGLIIHUHQWYDULDQWVDQGFKRVHPRVWFRPIRUWDEOHDQGVLPSOHIRUPIRUWKHEXLOGLQJ>±@,WLV
QHDUO\VTXDUHVRLWLVSRVVLEOHWRLQFUHDVHEXLOGLQJ¶VXVHIXOVSDFHUHGXFLQJRXWHUZDOOV¶DUHDDQGKHQFHWUDQVPLVVLRQ
ORVVHV)LJ

)LJ%XLOGLQJ¶VJHQHUDODVSHFW
)RUVFKRROGHVLJQZHWRRNWKHVLWHLQWRZQ(UHYDQ$UPHQLDZLWKXQGXODWLQJODQGKHLJKWGLVFRQWLQXLW\UHDFKHV
PZKLFKLQIOXHQFHGRQEXLOGLQJ¶VSRVLWLRQDQGOHWXVPDNHWKHSURMHFWPRUHLQWHUHVWLQJ+DOIRIWKHILUVWIORRULVLQ
WKHVRLO>@VRWKHPDLQHQWUDQFHLVRQWKHVHFRQGIORRU7KLVGHFLVLRQSURPRWHVUHGXFWLRQRIKHDWJDLQVLQVXPPHU
DQGKHDWORVVHVLQZLQWHU
+HUHDUHWKHUPRWHFKQLFDOFDOFXODWLRQVWRILQGVSHFLILFKHDWFRQVXPSWLRQGXULQJKHDWLQJVHDVRQ>±@$XWRGHVN
'HYHORSHU1HWZRUN$'1IRU8QLYHUVLW\
7KH$XWRGHVN'HYHORSHU1HWZRUNZDVFUHDWHGIRUVRIWZDUHGHYHORSHUVVHHNLQJSURYHQWRROVDQGWHFKQRORJLHVWR
H[WHQG $XWRGHVN SURGXFWV DQG WHFKQRORJLHV WR SURGXFH VXSHULRU GHVLJQ JHRVSDWLDO DQG PHGLD 	 HQWHUWDLQPHQW
VRIWZDUHVROXWLRQV:KHWKHU\RXSODQWRFXVWRPL]HH[LVWLQJ$XWRGHVNVRIWZDUHFUHDWHDSOXJLQRUWLJKWO\LQWHJUDWH
$XWRGHVN WHFKQRORJ\ LQWR \RXU ZRUNIORZ DQG HQWHUSULVH $XWRGHVN LV FRPPLWWHG WR PDNLQJ WHFKQRORJ\ WKDW LV
DFFHVVLEOHWR\RX
3DUWLFLSDWLRQLQ$'1SURJUDPLVDSHUIHFWFKDQFHIRUXQLYHUVLW\WRSUHSDUHXQLTXHJUDGXDWHVWKDWODERXUPDUNHW
UHTXLUHVYHU\PXFK
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3. Thermotechnical calculations
3.1. Building’s general characteristics 
x 7KHRYHUDOOKHLJKWRIWKHEXLOGLQJ²P
x 7KHKHDWHGDUHD²P
x 7KHKHDWHGYROXPH²P
x 7KHWRWDODUHDRIWKHH[WHULRUZDOOV²P
x 7KHWRWDODUHDRIZDOOV²P
x 7KHWRWDODUHDRIZLQGRZVFXUWDLQZDOOV²P
x 7KHWRWDODUHDRIGRRUZD\V²P
3.2. Outer shells’ characteristics
7KHH[WHULRUZDOOVRIREMHFWFRQVLVWRI
x &HUDPLFVROLGEULFN²PP
x ,QVXODQW,629(59HQWL²PP>@
x $LUOD\HU²PP
x 3RO\PHUFHPHQWSODVWHUILEHUJODVVIDEULFUHLQIRUFHG²PP
7KHFRPSRQHQWVRIURRIDUH
x 5HLQIRUFHGFRQFUHWHIORRUVODE²PP
x ,QVXODQW,629(52SWLPDO²PP
x:DWHUSURRILQJ7HNKQR1,.2/7HFKQRHODVW%DUULHU%2²PP
x &OD\GLWHJUDYHO²PP
7KHZLQGRZVDUHPDGHRIWULSOHSDQHJODVVLW¶VPPEHWZHHQJODVVHVDQGZLQGRZED\LVLQVXODWHG
3.3. Climate and power characteristics
&DOFXODWHGKHDWWUDQVPLVVLRQUHVLVWDQFHIRUH[WHULRUVWUXFWXUHV
x:DOOV5Z P  &:
x 5RRI5F P  &:
x:LQGRZV5I P  &:
x 'RRUV5HG P  &:
5HTXLUHGKHDWWUDQVPLVVLRQUHVLVWDQFHIRUH[WHULRUVWUXFWXUHV>@
x:DOOV5Z P  &:
x 5RRI5F P  &:
x:LQGRZV5I P  &:
'HVLJQWHPSHUDWXUHRIRXWGRRUDLUGXULQJWKHFROGSHULRGHTXDOVí&
7KHGXUDWLRQRIWKHKHDWLQJSHULRGGD\V
0HDQWHPSHUDWXUHRIRXWGRRUDLURIWKHKHDWLQJSHULRGHTXDOV&
+HDWLQJGHJUHHGD\HTXDOV&ÂGD\
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 Thermotechnical calculations
5HGXFHGWUDQVPLVVLRQIDFWRURIKHDWWUDQVPLVVLRQ:P  &
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*HQUHKHDWJDLQVGXULQJWKHKHDWLQJVHDVRQ0-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[  
KE ²IDFWRUFRQVLGHULQJDGGLWLRQDOKHDWFRQVXPSWLRQE\KHDWLQJVHUYLFHV KE  
&DOFXODWHGVSHFLILFKHDWHQHUJ\FRQVXPSWLRQGXULQJWKHKHDWLQJVHDVRQN-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
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
&DOFXODWHGVSHFLILFKHDWHQHUJ\FRQVXPSWLRQGXULQJWKHKHDWLQJVHDVRQ UHJKT  N-P  &  GD\
4. Energy efficient technologies
6XPPHU VFKRRO FODVVHV DUH RQ D IUHH VFKHGXOH &ODVVHV LQ YDULRXV VHFWLRQV DUH FODVVHV LQ VXPPHU VFKRRO
RUJDQL]HGFDPSV2QWKLVWRVDYHRQKRWZDWHUKHDWLQJV\VWHPV\RXFDQXVHIURPWKHVRODUFROOHFWRUVWRKHDWZDWHU
)RU WKH UDWLRQDO KHDWLQJZH GHFLGHG WR XVH LQIUDUHG FHLOLQJ >@ ,QIUDUHG FHLOLQJ SDQHOV ZDUP XS VROLGV ZKDW
FUHDWHVFRPIRUWFRQGLWLRQVIRUDPDQ3DQHOVFRQQHFWWRFHQWUDOKRWZDWHUV\VWHP:DWHU¶VKHDWHQHUJ\LVWUDQVIHUUHG
WRWKHURRPLQWKHIRUPRIHPLVVLRQZLWKQRORVVHV7KHHQHUJ\WUDQVIRUPVLQWRZDUPWKZKHQLWUHDFKHVVROLGV$IWHU
DZKLOHWKHDLUJHWVZDUPHUEHFDXVHRIQDWXUDOFRQYHFWLRQ3DQHOVZRUNWKHVDPHZD\WRFRROGRZQDURRP,QWKLV
FDVHSDQHOVFRQQHFWWRFROGZDWHUV\VWHP
8VDJHRIKHDWFROOHFWRUV
,QWKLVSURMHFWLWZDVGHFLGHGWRXVHVRODUFROOHFWRUVZLWKSODVWLFDEVRUEHUVIRUZDWHUKHDWLQJ>±@&DOFXODWHG
DYHUDJHFRQVXPSWLRQRIKRWZDWHUE\VFKRRO²PGD\
6RODUFROOHFWRU¶VFRHIILFLHQWRIHIILFLHQF\

N ǻ7Ș Ș  
(
                   
Ș  ²UDWHGFRHIILFLHQWRIHIILFLHQF\XQGHUQRUPDOFRQGLWLRQV
N  ²FRHIILFLHQWGHSHQGLQJRQFROOHFWRU¶VW\SHDQGLQVXODWLRQ
ǻ7 ²WHPSHUDWXUHGLIIHUHQFHEHWZHHQFRRODQWDQGHQYLURQPHQWDODLU&
( ²LQVRODWLRQ:  KP
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5HTXLUHGZDWHUWHPSHUDWXUHLV&6RKHUHLVFROOHFWRU¶VHIILFLHQF\E\PRQWKV
7DEOH&ROOHFWRU¶VHIILFLHQF\E\PRQWKV
0RQWK
2XWVLGHWHPSHUDWXUH
>&@
,QVRODWLRQ
>N:  KP@
&RHIILFLHQWRIHIILFLHQF\
>@
-DQXDU\   
)HEUXDU\   
0DUFK   
$SULO   
0D\   
-XQH   
-XO\   
$XJXVW   
6HSWHPEHU   
2FWREHU   
1RYHPEHU   
'HFHPEHU   

7HVWV VKRZ WKDW FROOHFWRUV FDQ EH WKHPDLQ VRXUFH RI HQHUJ\ WR KHDW ZDWHU LQ SHULRG$SULO±6HSWHPEHU 7R ILW
VWDWLVWLFVUHTXLUHGFROOHFWRU¶VDUHDZDVFDOFXODWHG
6 Ș ( W F P ǻ7                      
6 ²UHTXLUHGFROOHFWRU¶VDUHDP
Ș ²FROOHFWRU¶VHIILFLHQF\
( ²LQVRODWLRQ:  KP
F ²ZDWHU¶VVSHFLILFKHDW-NJ .
P²PDVVRIZDWHUNJ
W ²TXDQWLW\RIKRXUVRIOLJKW
ǻ7 ²WHPSHUDWXUHGLIIHUHQFH&
5HTXLUHGDUHDIRU$SULOLVP,WPHDQVWKDWLQ$SULOZDWHUZLOOEHZDUPHGXSWR&EHFDXVHRILQVRODWLRQ
DQGWLOO6HSWHPEHUDGGLWLRQDOHQHUJ\ZLOOEHJHQHUDWLQJWKDWPD\EHVDYHGE\WKHUPDOSXPSV
,QSHULRG2FWREHU²0DUFKFROOHFWRUVZRQ¶WZDUPXSZDWHU XS WRQHHGHG WHPSHUDWXUH VR LW¶V UDWLRQDO WRXVH
HOHFWULF ZDWHU KHDWHUV /HW¶V H[DPLQH WKH FROGHVW PRQWK RI WKH \HDU ² -DQXDU\ $FFRUGLQJ WR IRUPXOD 
WHPSHUDWXUHGLIIHUHQFHοTHTXDOV  &6RZDWHU¶V WHPSHUDWXUHPXVW EH UDLVHG WR &7RGR LW - LV
QHHGHG$UPHQLDQ VFKRROVZRUNKRXUVSHUGD\ KHQFH HYHU\ WKUHHKRXUV OPXVW EHZDUPHGXS5HTXLUHG
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W
                    
4 ²GLVFKDUJHGHQHUJ\-
W ²KHDWWLPHV
$VDUHVXOW1 :,Q$UPHQLDHOHFWULFHQHUJ\FRVWVLV  N:K6RFROOHFWRUV¶ZRUNZLOOFRVW
GD\
/HW¶VFDOFXODWHH[SHQVHV LQFDVHRIGLVXVHRIFROOHFWRUV ,Q WKLV VLWXDWLRQZDWHU¶V WHPSHUDWXUHPXVWEH UDLVHG WR
&DQG-LVQHHGHG+HQFH1 :$QGDVDUHVXOWFROOHFWRU¶VZRUNZLOOFRVWGD\
5. Conclusions
,Q WKLV DUWLFOH GHVLJQ IHDWXUHV RI WKH PXOWLFRPIRUW VFKRRO ZHUH REVHUYHG ,Q WKLV EXLOGLQJ LW LV SRVVLEOH WR
WUDQVIRUPDQGUHEXLOGLWV¶URRPVIRUSXSLOVH[WUDFXUULFXODUPXVLFOHVVRQVVSRUWVDQGDUWVDUHSURYLGHG
6RODUFROOHFWRUVLQ$UPHQLDDUHPRUHWKDQQHHGHGEHFDXVHKRWZDWHULVIUHHGXULQJVXQQ\PRQWKVDQGGXULQJWKH
UHVW²FROOHFWRU¶VFXWGRZQKRWZDWHU¶VSULFH0RUHWKDQWKDWVXSHUIOXRXVKHDWHQHUJ\FDQEHFRQYHUWHGLQWRHOHFWULF
HQHUJ\ZKDWOHDGVWRH[WUDHFRQRP\
&DOFXODWHGVSHFLILFKHDWHQHUJ\FRQVXPSWLRQGLIIHUVIURPUDWHGVSHFLILFKHDWHQHUJ\FRQVXPSWLRQE\WKHYDOXHRI
ZKDWPHDQV$FODVVRIHQHUJ\HIILFLHQF\%XWYHQWLODWLRQRQHRI WKH LPSRUWDQWSDUDPHWHUVRIHQHUJ\
HIILFLHQF\>±@ZDVQRWLQFOXGHGLQWRFDOFXODWLRQVDQGLQWXUQWKDWPHDQVLQVWDOODWLRQRIKLJKTXDOLW\YHQWV\VWHP
ZLOOKLJKO\ULVHWKHHIILFLHQF\RIWKHEXLOGLQJ>±@
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